OBJECTIVE: To investigate whether the changes in lipoproteins following growth hormone (GH) substitution in GH de®cient (GHD) adults are determined by the concomitant changes in body composition and physical ®tness in a controlled long-term study. DESIGN: A randomized, double-blind, placebo-controlled trial with GH (2 IU/m 2 ) or placebo given for 12 months. SUBJECTS: Twenty-seven patients (18 male, 9 female, aged 21±61 y) with adult onset GH de®ciency. Comparisons were made with age-and gender-matched healthy adults. MEASUREMENTS: Serum triglycerides (TG) and lipoproteins, body composition (Dual-Energy X-ray Absorptiometry and computerized tomography), and exercise capacity (V Á O 2 -max measured by bicycle ergometry) were measured at baseline and after 12 months. RESULTS: Baseline values of total cholesterol, low-density lipoprotein (LDL) and serum triglycerides were signi®cantly higher in GHD adults compared to normal subjects (P`0.001, P`0.001, P 0.004, respectively) whereas no difference in high-density lipoprotein (HDL) or lipoprotein (a) (Lp(a)) was found. After one year of GH treatment total cholesterol decreased signi®cantly (P 0.02). Serum LDL decreased after GH and increased after placebo, but the difference in delta values was not signi®cant (P 0.12). Serum HDL and TG concentrations were unchanged. Lp(a) increased but not signi®cantly. Serum total and LDL cholesterol remained signi®cantly elevated after one year of GH treatment. Signi®cant reductions in total and visceral adiposity, and improved exercise capacity were also recorded after GH treatment. In normal subjects, serum total cholesterol and TG correlated positively with age, subcutaneous fat and intraabdominal fat, and negatively with V Á O 2 -max. Serum LDL correlated positively with age. In GHD patients, baseline values of serum TG correlated positively with subcutaneous fat and serum insulin. During treatment, no signi®cant correlations were found between the changes in lipoproteins and in body composition. CONCLUSION: The cholesterol lowering effect of GH is not determined by the concomitant decrease in adiposity, which supports the concept of a direct effect of GH on lipoprotein metabolism.
Introduction
Growth hormone de®ciency (GHD) in adults is associated with increased vascular morbidity and mortality. 1 An increased prevalence of atherosclerosis in the carotid arteries has been detected by ultrasonography in symptom-free adults with hypopituitarism. 2 In 1989, Jùrgensen et al 3 and Salomon et al 4 reported
that treatment of GHD adults with growth hormone (GH) decreased fat mass and increased lean body mass. Subsequently, it was revealed that visceral fat mass was increased in GHD patients, and that GH treatment caused a 30% reduction of visceral fat mass and a smaller reduction in subcutaneous fat. 5, 6 Visceral fat is a well known risk factor for cardiovascular disease and death, 7 but it is not known whether the increased prevalence of ischaemic heart disease (IHD) in GHD is secondary to the excess visceral fat mass.
Increased serum concentrations of cholesterol, lowdensity lipoprotein (LDL) cholesterol and apolipoprotein B (apo B), and decreased concentration of highdensity lipoprotein (HDL) cholesterol are also well recognized risk factors for cardiovascular disease, and lipoprotein (a) (Lp(a)) is an alleged independent risk factor for atherosclerotic disease. 6 Most 2Y 9À12 but not all 13 studies agree that GHD patients exhibit hypercholesterolaemia caused by an increased concentration of LDL cholesterol. Serum HDL cholesterol is reported in the normal range, 2,10 decreased 11, 13, 14 or even increased 12 in GHD patients. Serum triglycerides (TG) are unchanged 10, 12 or increased. 9, 13 The main structural protein of LDL, apo B, is found to be increased in the patients. 10, 11 A recent study 5 found that levels of Lp(a) were unchanged compared to controls matched for gender but not for age. Replacement of GHD with GH promotes favourable changes in lipoproteins in most studies although increments in Lp(a) are reported in some, 15, 16 but not all, trials. 17±19 Whether the changes in lipoproteins are secondary to changes in body composition or physical ®tness, remain to be examined.
Studies so far have been of either short duration or inadequately controlled. Furthermore, most studies have failed to include reference data from an appropriate population of healthy adults. Since the favourable effects of GH on visceral adiposity and lipoproteins are important rationales for GH substitution in adults, it is essential to obtain robust long-term data.
In the present study, we evaluated the impact of 12 months placebo-controlled GH therapy in GHD adults on lipoproteins, body composition and physical ®tness as compared to a control group of untreated healthy subjects.
Subjects and methods

Subjects
Twenty-seven patients (18 male, 9 female; mean age AE s.e.m. 44.5 AE 1.8 y, range 21± 61 y) with adult onset GHD of at least one year duration, were included. All patients had pituitary disease and the diagnosis was ultimately based on a GH stimulation test (insulin tolerance test or arginine infusion). The mean peak serum GH value was 2.2 AE 0.5 mgaL (0 ±8.0 mgaL). None of the patients had previously been treated with GH. Additional replacement therapy had been stable for at least six months prior to the study, and continued unchanged throughout the study ( Table 1) . Characteristics of the patients are given in Table 1 . For comparison, 27 healthy age-and gendermatched subjects were investigated. All subjects gave informed written consent. The study was approved by the regional Ethical Committee and the National Board of Health, and conducted according to the Declaration of Helsinki and the guidelines for Good Clinical Practice.
Study design
The study had a randomized, double-blind, placebocontrolled design of 12 months duration. Patients were strati®ed prior to randomization, according to age, gender and Cushing vs non-Cushing. The patients had been diagnosed as GHD for at least 1 year (mean 5.7 y, range 1±25 y) prior to the start of the study. 2 ad was reached. In the case of side effects, the dose was reduced by 25% and further reductions were allowed if complaints persisted. Body composition, exercise capacity and lipid pro®le were measured at baseline and after 12 months.
Hormone analyses
Serum insulin-like growth factor I (IGF-I) was measured by a non-competitive time resolved immunouorometric assay, 20 and serum insulin by conventional RIA. Serum IGF binding protein-1 (IGFBP-1) was measured by a commercial ELISA (Medix Biochemica, Kainiainen, Finland).
Plasma cholesterol, HDL cholesterol and triglycerides (TG) were measured by standard enzymatic kits. LDL cholesterol was calculated by the Friedewald's equation 21 in subjects with TG`4.5 mmolal. Lp(a) was measured with a two-site immunoradiometric assay (Pharmacia, Uppsala, Sweden) as described previously. 22 A standard curve was constructed for each run, and all samples were analysed in duplicate. Our laboratory participated in an international Lp(a) standardization program, and the intra-and interassay coef®cients of variation were 2.2% and 3.1%, respectively.
Body composition and physical ®tness
The amount of intraabdominal (visceral) fat and the muscleafat ratio of the mid-thigh region were evaluated by computed tomography (CT) with a Somatom Plus-S scanner as earlier described. 23 Percentage body fat and total lean body mass (LBM) were measured by Dual-Energy X-ray Absorptiometry (DEXA) using a Hologic QDR-2000 densitometer (Hologic, Waltham, MA). In addition, body mass index (BMI, weight (kg)aheight (m) 2 ) and waist to hip ratio (WHR) were measured. In the normal controls, maximal oxygen consumption (V Á O 2 -max, mlaminakg) was determined on a bicycle ergometer according to the A Ê strand protocol. 24 In patients, exercise capacity (kJ) was measured on a bicycle ergometer with an initial workload of 2.9 kJamin increased by 2.9 kJamin every 3 min until exhaustion.
Statistical analyses
Differences between controls and patients in serum IGF-I, body composition and lipid pro®le were assessed by Students' t-test for paired data. Treatment effects were evaluated by comparing delta values (baseline±12 months) in the GH vs placebo group by Students' t-test for unpaired data. Pearson's product moment correlation was used to measure the strength of association between the variables, and multiple regression analysis was used to determine whether any of the variables were able to predict the changes in lipid pro®le. Analyses were made on log-transformed data when they were not normally distributed. Data are given as mean AE s.e.m. for normally distributed data and otherwise as medians and 25 ±75 percentiles. Statistical signi®cance was assumed for P`0.05. If multiple comparisons were made a protected P value of`0.01 was employed.
The randomization code was not made available for statistical analysis until all data had been entered twice and cross-checked.
Results
Data on body composition, physical ®tness and serum IGF-I levels have been described in detail earlier. 25 Brie¯y, GHD patients at baseline had signi®cantly greater amounts of intraabdominal and subcutaneous abdominal fat than normal controls. After GH treatment, visceral and subcutaneous abdominal fat decreased by 25% and 17%, respectively, to levels no longer different from the control group. Total body fat as assessed by DEXA was signi®cantly higher in GHD adults at baseline, compared to controls, but normalized after GH treatment. Exercise capacity (kJ) increased signi®cantly after GH treatment. Serum IGF-I concentrations were low at baseline (156 AE 8 mgal (controls) vs 86 AE 12 mgal (GHD baseline), P`0.01)) and rose above normal after GH substitution (275 AE 29 mgal (GH 12 months), P`0.001).
No signi®cant differences in serum TG or lipids were recorded at baseline between the GH and the placebo group. As shown in Table 2 , GHD adults at baseline had signi®cantly higher levels of serum total cholesterol (P`0.001), LDL cholesterol (P`0.001), and TG (P 0.004), whereas concentrations of HDL cholesterol and Lp(a) in serum were within the normal range. Baseline serum levels of insulin were not different from the control group (11.2 AE 1.9 mUal (controls) vs 9.6 AE 1.0 mUal (GHD baseline), NS), whereas serum IGFBP-1 was higher in the patients (3.1 AE 0.3 (controls) vs 6.3 AE 1.1 mgal (GHD baseline), P 0.04).
Treatment with GH for 12 months (Table 3 ) caused a signi®cant decrease in serum total cholesterol (P 0.02). Serum LDL cholesterol decreased insigni®cantly in the GH treated group and increased in the placebo group, but the difference in delta values only approached signi®cance (P 0.12). The increase in serum Lp(a) was signi®cant in the GH group Lipoproteins in GH-de®cient adults N Vahl et al (P 0.037), but an increase was also seen in the placebo group, although to a lesser extent (Figure 1 ) so no overall treatment effect was observed (Figure 2 ). Serum HDL cholesterol and TG were unchanged. No difference was seen in serum IGFBP-1 after GH. Serum insulin increased from 9.1 AE 1.6 mUal to 15.7 AE 2.6 mUal after GH and did not change after placebo, with a signi®cant difference in delta values (P 0.01).
After 12 months of GH treatment, serum total cholesterol and LDL cholesterol were still signi®-cantly higher than in normal subjects (Table 2 ).
In the normal subjects, serum total cholesterol correlated positively with age (r 0.54, P`0.001), subcutaneous abdominal fat (r 0.53, P`0.001), and intraabdominal fat mass (r 0.47, P 0.005), and inversely with V Á O 2 -max (r 7 0.47, P 0.005).
Positive correlations of borderline signi®cance were found with total body fat (DEXA) (r 0.40, P 0.015), and BMI (r 0.33, P 0.035). Serum Figure 1 Concentration of lipoprotein (a) (Lp(a)) at baseline and after 12 months of treatment with growth hormone (GH) or placebo, respectively. *P`0.05. Among the patients at baseline, signi®cant positive correlations were found between serum TG and subcutaneous abdominal fat (r 0.55, P 0.003), and serum insulin (r 0.54, P 0.004). No correlations were found between either of the lipoproteins and age, body composition, exercise capacity, serum IGF-I or serum insulin. After 12 months no correlations were found between delta HDL cholesterol, delta LDL cholesterol or delta Lp(a) and changes in either body composition, exercise capacity, serum IGF-I or serum insulin. Correlations between delta values of serum cholesterol and serum insulin (r 0.61, P 0.037) and between delta values of serum TG and WHR (r 0.62, P 0.03) approached signi®-cance, whereas no correlations were found between these and either of the other variables.
Discussion
This study was designed to compare serum levels of lipid and lipoproteins before and after 12 months of GH treatment in a randomized, double-blind, placebocontrolled trial with values in age-and gendermatched normal subjects, and to see whether changes in the lipid pro®le were related to changes in body composition. Our main ®ndings were that serum levels of cholesterol, LDL cholesterol and TG were signi®cantly increased in GHD adults, and despite a signi®cant decrease in the lipoproteins, a complete normalization after GH treatment was not attained. Serum HDL cholesterol and Lp(a) were within normal ranges and did not change signi®cantly after GH treatment. Moreover, we found no evidence of an association between changes in body composition and lipoproteins.
Our ®nding that GHD patients suffer from hypercholesterolaemia caused by an increased concentration of LDL cholesterol is consistent with most, 2,9±12,26 but not all, 13 studies. The latter study comprised a large group with a wider age range, and it is possible that differences in cholesterol levels between patients and normal subjects are diminished with age. Normal 2,10,26 or increased 11, 13 concentrations of HDL cholesterol, and high 9, 13, 26 or normal 2,10,12 levels of serum TG in GHD adults have previously been reported. To date, only one study 15 has compared Lp(a) values to normal controls, reporting values within the normal range in GHD patients, in accordance with our ®ndings. Thus, the results of the effects of GH treatment on circulating lipids in GHD adults are somewhat conicting, although there is general agreement of a lowering of total cholesterol. It has been suggested that a reduction in cholesterol only occurs in patients with preexistent hypercholesterolaemia and that the LDL lowering effects are dose dependent. 27 All except one patient in our study exhibited a reduction in serum cholesterol without any association to the baseline level, so the effect appears not to be restricted to patients with hypercholesterolaemia. Most of the studies have used quite high doses of GH, but doses between 0.03 IUakg and 0.07 IUakg all had a lowering effect on LDL cholesterol. It is, therefore, until now, not con®rmed that the effect of GH on LDL cholesterol is dose dependent. Prospective dose response studies will be necessary to decide this. Our ®nding that HDL cholesterol was unchanged after GH treatment is in accordance with some, 11,17±19,28 but not with other, 15, 16, 26, 29, 30 studies in which increased levels were found. The reason for this discrepancy is not readily explained. All studies, including the present, agree that GH causes no change in serum TG. 4,15 ±17,19,28,29,31,32 No overall changes in Lp(a) after GH treatment were found in our study, which is in agreement with some previous studies. 17, 19 Garry et al 18 found no increase in the cohort as a whole, but when dividing patients into those having baseline Lp(a)`20 mgadl and b 20 mgadl, they found a signi®cant increase in Lp(a) in the patients with the higher baseline values. This could not be con®rmed by our data, in which only one subject in each group had Lp(a) values above 20 mgadl. However, when making the same comparison with Lp(a) values above or below 15 mgadl a signi®cant increase in the group with high baseline values was demonstrated (P 0.03, data not shown), whereas no increase was observed in patients with lower baseline values of Lp(a). The plasma level of Lp(a) is mainly genetically determined and inversely related to the apo(a) phenotype and it appears that the in¯uence of other factors are minor. 22 We did not measure apo(a) phenotypes. Distribution of Lp(a) is known to be highly skewed with the major part of the population having very low values. 33 Forty-eight percent of both the controls and GHD patients in our study had Lp(a) values`5 mgadl (Figure 3 ). In the study by Ede Ân et al 16 only two of the nine GHDA patients had Lp(a) values`5 mgadl. The larger amount of high baseline values could therefore explain the signi®cant increase in Lp(a) in that particular study. Johannsson et al 15 also found an increase in Lp(a) in an open designed study. The necessity of a placebo group to assess the true treatment effect is clearly demonstrated by our results, where an increase was found in the GH treated group, but owing to a small increase in the placebo group no treatment effect was detected. All studies in healthy adults These studies were, however, of very short duration (5 ±14 d), and some used very high doses of GH. 36, 37 Furthermore, in at least two of the studies 34, 35 a very high proportion of the subjects had high baseline values of Lp(a). It has recently been reported that IGF-I administration signi®cantly lowers Lp(a) levels, 34 which suggests that the increase in Lp(a) seen in GH administration studies are not mediated by IGF-I. It is noteworthy, that insulin levels usually increase with GH administration and become suppressed during IGF-I administration. The importance of studies that evaluate the long-term effect of GH treatment in a maintenance dose as low as possible, is underlined by the fact that Lp(a) is known to be an independent risk factor for atherosclerotic vascular disease, 6 even though Ridker et al, 38 in a large prospective study, recently found no evidence of such an association.
The positive correlations between serum cholesterol and TG, and indices of adiposity, especially intraabdominal fat mass in the normal subjects, con®rm earlier ®ndings in healthy adults.
39 ± 41 in a recent study by Snel et al, where magnetic resonance imaging was used to assess body composition, the intraabdominal fat mass correlated positively only with serum TG and not with total cholesterol. This latter study, 26 on the other hand, found a negative correlation between intra-abdominal fat and HDL cholesterol, which we could not con®rm. In GHD adults, very few studies have systematically related lipid status to body composition. We found that baseline levels of serum TG correlated positively with subcutaneous abdominal fat, whereas no correlations were found between baseline lipoproteins and body composition, which con®rms the ®ndings of Cuneo et al, 11 where baseline TG levels correlated positively with abdominal skinfold thickness. The changes in lipid and lipoprotein levels, however, were not signi®cantly correlated with changes in adiposity measured by skinfold thickness and total body potassium. In the above mentioned study by Snel et al, 26 intraabdominal fat mass in the GHD adults at baseline, correlated positively with serum TG, and negatively with HDL and LDL cholesterol, respectively. In the same study, 26 a negative correlation between changes in intra-abdominal fat and in total cholesterol after GH for six months was found. By multiple regression analyses Johannsson et al 15 found that changes in body composition (measured by bioelectrical impedance), serum free T4, serum IGF-I and serum insulin, together all explained 24 ±25% of the changes occurring in total cholesterol, LDL cholesterol and Lp(a), whereas changes in the metabolic variables explained 27% and 25% of the changes in apo A 1 and TG, respectively. Although correlations (or lack of them) do not imply causality, our study supports and extends the observations that GH exerts speci®c effects on lipoproteins independent of changes in body composition and physical ®tness. GH has been shown to induce hepatic LDL receptor expression in both rats 42 and humans, 43 and this effect is not mediated by serum IGF-I. 4, 44 Whether these intriguing data provide an explanation for the direct effect of GH on lipoproteins deserves to be addressed in the future.
